Objective: To characterize sexual function in women with and without musculoskeletal pelvic pain during the first year after childbirth.
P
regnancy is a transformative time in a woman's life and for her body, which undergoes substantial musculoskeletal changes. Although many of these changes are anticipated and resolve with childbirth, some women continue to have pain after giving birth. Residual musculoskeletal pelvic pain may result from the changes during pregnancy, labor, and/or birth, and this pain is often overlooked by providers and patients alike. Researchers found that pregnant women with pelvic girdle pain often have concomitant pelvic floor myofascial pain (Fitzgerald & Mallinson, 2012) , and pelvic floor muscle dysfunction can persist after childbirth (Handa, Blomquist, McDermott, Friedman, & Munoz, 2012) . Persistent pelvic pain after childbirth has been shown to significantly affect quality of life (Mackenzie, Murray, & Lusher, 2018; Woolhouse, Gartland, Perlen, Donath, & Brown, 2014) . Pelvic pain that begins after childbirth can become chronic over time and can lead to significant functional limitations and altered sexual function and can adversely affect future decisions about having more children (Bergströ m, Persson, Nergå rd, & Mogren, 2017; Lawson & Sacks, 2018) .
Little research is available on the relationship between musculoskeletal pelvic pain and sexual function in the first year after childbirth. Sexually active women who gave birth within the past year reported some form of sexual dysfunction (Leeman & Rogers, 2012) , and most dysfunction resolved within 6 months postpartum (Yeniel & Petri, 2013) . Most current research on sexual health in the first year after childbirth is focused on dyspareunia related to perineal trauma (Brubaker et al., 2008; Signorello, Harlow, Chekos, & Repke, 2001; Yeniel & Petri, 2013) . Dyspareunia is defined as persistent or recurrent pain with attempted or completed vaginal entry or vaginal-penile intercourse. Research in musculoskeletal pelvic pain after childbirth has generally been limited to populations outside the United States; few researchers have used validated measures correlated with physical examination findings (Declercq, Cunningham, Johnson, & Sakala, 2008; Paterson, Davis, Khalife, Amsel, & Binik, 2009; Signorello et al., 2001 ).
Although 50% of pregnant women experience pelvic girdle pain, one in four women continues to experience pain after childbirth (Wu, Hundley, Fulton, & Myers, 2009 ). Pregnant women with pelvic girdle pain might experience pain after giving birth that can persist for years. In one longitudinal study, approximately 20% of pregnant women with pelvic pain continued to have pain 12 years after childbirth (Bergströ m et al., 2017) . Women with long-term pelvic girdle pain were more likely to have consequences such as widespread total body pain and increased disability.
The World Health Organization defines sexual health as "a state of physical, mental, and emotional well-being in relation to sexuality, not merely the absence of disease, dysfunction or infirmity" (World Health Organization, 2002, p. 4) . Sexual health is a fundamental aspect of a woman's quality of life and includes interpersonal psychological and biological factors (Yeniel & Petri, 2013) . Sexual health declines throughout pregnancy and gradually recovers to prepregnancy status after childbirth. This can vary according to a woman's characteristics, including level of perineal pain and body image (Pauls, Occhino, Dryfhout, & Karram, 2008) . Women who gave birth within the past year are often sexually active and desire sexual health information, yet sexual history-taking is not a standard part of postpartum care for women, and few women volunteer sexual information to their clinicians (Guerra-Reyes, Christie, Prabhakar, & Siek, 2017) . Women return for postpartum visits approximately 6 weeks after childbirth, by which time they might not have resumed sexual activity, and clinicians might not assess for sexual dysfunction (Rosenbaum, 2010; Rosenbaum & Padoa, 2012) .
Pelvic pain has been shown to negatively affect sexual health (Rosenbaum, 2010) . Persistent pelvic pain can perpetuate a cycle of pelvic floor myofascial tension, which causes more pain and more dysfunction (Dhingra, Kellogg-Spadt, McKinney, & Whitmore, 2012) . Mounting evidence suggests that many women have musculoskeletal pelvic pain in the first year after childbirth and that pain may affect sexual function; however, it is still unknown how this pain influences women's sexual health and function. Therefore, the purpose of this study was to characterize sexual function in women with and without musculoskeletal pelvic pain in the first year after childbirth.
Conceptual Framework
Before we designed the study, we identified potential variables related to changes in physical health and quality of life. Selected components from the Wilson and Cleary Health-Related Quality of Life (HRQoL) model were used to guide this study (Ferrans, Zerwic, Wilbur, & Larson, 2005; Wilson & Cleary, 1995) . The purpose of our study was not to test the model but rather to allow for a more comprehensive approach to evaluating health-related quality of life for women in the first year after childbirth.
Methods

Design
This cross-sectional descriptive study was designed to assess the level of sexual function of women with and without musculoskeletal pelvic pain in the year after childbirth. Additional measures associated with health-related quality of life were included to identify measures that might affect sexual health for women who have given birth within the last year. This study was approved by the institutional review board of Loyola University Chicago, and all participants signed an informed consent form before participation in the study.
Sample
A convenience sample of women who gave birth within the last year was recruited from within the community, from a postpartum clinic, and from a specialized pelvic pain clinic within the same institution. Flyers with study information and a contact phone number were placed in obstetric and pediatric clinics and within the community at Research about musculoskeletal pelvic pain after childbirth has generally been limited to a focus on perineal pain or populations outside of the United States.
Musculoskeletal Pelvic Pain and Sexual Function After Childbirth postpartum playgroups and support groups; women were also directly recruited by the study team. To be eligible for participation, women had to have given birth to singleton infants within the past 12 months, be able to give informed consent, be able to complete questionnaires in English, and be willing to undergo a focused physical examination. Women were excluded from participation if they had radiculopathy determined by abnormal lower-extremity neurologic examination findings (e.g., reflex, sensory, manual muscle strength, or straight leg raise test abnormality) or history of other rheumatologic or neurologic conditions associated with pain or functional disability (e.g., rheumatoid arthritis, multiple sclerosis). Women with and without pain were invited to participate.
Women were classified in the pain group if they had self-reported pain on the NRS, pain in a pelvic location as indicated on a pain diagram, and at least one corresponding positive finding from a physical examination. We aimed to recruit a sample of 50 women to achieve 80% power given a medium effect size based on previously published data for sexual function as measured by the Female Sexual Function Index (FSFI; Wiegel, Meston, & Rosen, 2005) and groups of the same size (n ¼ 25 per group) to achieve a balanced design (at a-level of .05, two-tailed). A post hoc power analysis indicated that the statistical power to detect differences between groups on the sexual function satisfaction was 82% with the effect size (Cohen's d ¼ 0.85).
Procedures
Eligible participants scheduled a study visit in the outpatient women's health clinic with an examiner from the study team. After they were screened for eligibility and signed informed consent forms, the participants completed questionnaires before their physical examinations. We reviewed the questionnaires with the participants to assess for comprehension and to minimize missing data. Participants then undressed from the waist down for the physical examination. The study examiners were skilled in completing the pelvic floor musculoskeletal examination and followed standard practice in performing the physical examinations. Training on the standard physical examination took place before data collection to establish interrater reliability (Albert, Godskesen, & Westergaard, 2000) . Participants were compensated for their time with a $20 gift card and parking validation. The study visit took approximately 30 minutes: 20 minutes for the completion and review of the questionnaires and 10 minutes for the physical examination.
Measures
The study measures corresponded to the conceptual framework of Wilson and Cleary's HRQoL model (Ferrans et al., 2005; Wilson & Cleary, 1995) . This model has been used extensively in clinical research because it lends itself to assessment of five major areas associated with health-related quality of life: biological, symptoms, functional status, general health perceptions, and general quality of life. These outcomes are known to be affected by individual and environmental characteristics.
Biological measures. Symptom measures. The second component of the HRQoL includes measures of physical symptoms, which were conceptualized for this study as symptoms of pelvic pain and symptoms of sexual health and dysfunction. Symptoms of pain were self-reported on the NRS on a scale of 0 to 10 and on a body pain map diagram. The NRS has been validated for use in chronic pain and is easy to administer (Bahreini, Jalili, & Moradi-Lakeh, 2015) . Higher scores on the NRS indicated more pain.
Sexual health and symptoms related to dysfunction were measured with the FSFI (Wiegel et al., 2005) . This tool consists of 19 questions related to female sexual health, covering six domains: desire, arousal, lubrication, orgasm, satisfaction, and pain; higher scores reflect better sexual function. The subscales were used for final analysis. The FSFI was chosen because of evidence for high internal reliability (Cronbach's a > .90 for all subscales) and good test-retest reliability (correlations ranged from .79 to .88; Rosen et al., 2000) .
Functional status measures. Functional status describes an individual's ability to perform normal daily activities and is included as the third component of the HRQoL model. The Pelvic Girdle Questionnaire (PGQ) was used to assess functional status in this study (Stuge, Garratt, Krogstad Jenssen, & Grotle, 2011 Cox, Holden, & Sagovsky, 1987) to solicit data on symptoms of depression because pregnancyrelated pelvic girdle pain, regardless of how severe, can affect a woman's mental health (Mackenzie et al., 2018) . The EPDS is a 10-item measure; possible scores range from 0 to 30, with higher scores indicative of more symptoms of depression. The EPDS is the most commonly used screening instrument for symptoms of postpartum depression; it has reasonably good internal consistency (Cronbach's a ¼ .77), Tenfelde, S., Tell, D., Brincat, C., and Fitzgerald, C. M.
evidence of high test-retest reliability (.92), and good to moderate correlations with other depression questionnaires (Boyd, Le, & Somberg, 2005; Kernot, Olds, Lewis, & Maher, 2015) .
General quality-of-life measures. Although healthrelated quality of life is the main focus of the HRQoL model, general quality of life is also included. We measured general quality of life using the Quality of Life Short-Form Health Survey (SF-12), a 12-item questionnaire. The SF-12 is one of the most widely used generic quality-of-life measures for women during pregnancy and the postpartum period (Mogos, August, SalinasMiranda, Sultan, & Salihu, 2013) . Use of the SF-12 provides scores for eight health concepts and summary scores for mental and physical health. Cronbach's a coefficients of .77 to .80 support the internal consistency reliability of the SF-12, and its negative correlation with scores on the PGQ support its validity among women with pelvic pain (Grotle et al., 2012; Stuge et al., 2011; Vleeming et al., 2008) .
Statistical Methods
Data were entered into REDCap, an electronic data capture tool hosted at Loyola University, Chicago (Harris et al., 2009 
Results
Forty-five participants enrolled in and completed the study assessments; we had no attrition. The mean age of the participants was 32 years (range ¼ 21 to 47 years), their median number of children was two (range ¼ one to eight children), 58% had some college education, and 73% were married or partnered. They participated in the study at a mean of 6 months after birth (range ¼ 6 weeks to 11 months). Most gave birth vaginally (57%) and were breastfeeding (60%; see Table 1 ).
Twenty participants reported pain on the NRS and the pain diagram and had corresponding positive physical examination findings. Most The p values were computed with independent-samples t test procedure. Musculoskeletal Pelvic Pain and Sexual Function After Childbirth participants with pain had pelvic girdle (i.e., sacroiliac joint) pain and pelvic floor myofascial pain (n ¼ 15) and had an average pain rating of 6.47 (standard deviation ¼ 2.48) on the NRS. There were no statistical differences between the pain and no-pain groups for other sample characteristics, including birth type, episiotomy, or laceration history (see Table 1 ).
Participants with pain were more likely to have higher scores on the PGQ for activity (p < .001) and for pelvic girdle symptoms (t[43] ¼ 4.37, p < .001) compared with those without pain (see Table 2 ). The participants in the pain group also reported lower scores on the SF-12 physical health subscale (t[43] ¼ 5.25, p < .001), which indicated reduced physical health compared with those without pain.
Sexual function also differed between groups, as measured by the FSFI. Although there were no statistical differences between the domains of desire, arousal, and orgasm, participants with pain were significantly more likely to report less satisfaction with their sex lives than participants without pain (t[43] ¼ 2.84, p ¼ .007). Eighteen participants with no pain and 17 with pain reported that they attempted to have intercourse within 4 weeks of assessment. Of these participants, those with pain reported a greater degree of discomfort or pain during and/or after vaginal penetration (t[33] ¼ 3.21, p ¼ .003; see Table 2 ).
In general, on the EPDS, participants reported low levels of postpartum depression symptoms (mean ¼ 4.71, standard deviation ¼ 4.99), and there were no significant group differences (t[43] ¼ 1.63, p ¼ .109). However, regardless of pain, participants who reported greater postpartum depression symptoms were more likely to report greater PGQ symptoms (r ¼ .38, p ¼ .02), reduced sexual desire (r ¼ -.57, p ¼ .001), and reduced sexual satisfaction (r ¼ -.39, p ¼ .018).
Participants with pain were more likely to have positive musculoskeletal physical examination findings on all tests than those without pain (c 2 range [1, N ¼ 45] ¼ 8.64 -12.06, p < .001).
They were also more likely to have pelvic floor muscle tenderness (c 2 ¼ 11.9, p ¼ .001) in the levator ani muscles (c 2 ¼ 17.05, p ¼ .001) and tenderness in the obturator internus muscles. There was no difference in pelvic floor muscle function or strength between the groups, with both groups showing pelvic floor muscle weakness (average strength score ¼ 2.5 on a 5-point scale).
Discussion
We found that participants who experienced with musculoskeletal pelvic pain during the first year after childbirth (pelvic girdle pain and/or pelvic floor myofascial pain) had reduced sexual function compared with those without pain. Participants with pain reported that their pain increased with vaginal penetration and that their sexual satisfaction was decreased compared with those without pain. The mean overall total FSFI score was not different between the two groups, which suggested that the subscale analysis may be more insightful in the functional assessment of participants with pain than the total FSFI score. Also, participants with pelvic girdle pain (sacroiliac joint location) were likely to also have internal (vaginal) pelvic floor myofascial pain. As expected, participants with pain had reduced quality of life and reduced activity level. Although no significant group differences were observed in the symptoms of postpartum depression for the whole sample, greater PGQ symptoms, reduced sexual desire, and less sexual satisfaction were associated with greater symptoms of postpartum depression (Yee, Kaimal, Nakagawa, Houston, & Kuppermann, 2013; Yeniel & Petri, 2013) . These findings are consistent with those of Schaffir et al. (2018) , who found that women who reported greater postpartum physical symptoms had a 2.4-fold increase in the likelihood of having positive screening results for postpartum depression after age and history of depression were controlled for.
Episiotomy has been linked to weaker pelvic floor musculature and impaired sexual function (Chang, Chen, Lin, Chao, & Lai, 2011; Song et al., 2014) ; greater-degree perineal tears negatively affected sexual function for up to 1 year after childbirth (Sayed Ahmed, Kishk, Farhan, & Khamees, 2016) . We found no differences between participants with pain and those without pain based on mode of birth, episiotomy, or laceration history. In a recent European study, researchers explored the relationship between pelvic floor muscle contraction and perineal pain immediately after childbirth (first 48 hours after giving birth) and at 9 weeks postpartum (Neels, De Wachter, Wyndaele, Wyndaele, & Vermandel, 2017) . Findings from physical Clinicians need to have the skills to assess for musculoskeletal pelvic pain and the confidence to address women's sexual health needs. Tenfelde, S., Tell, D., Brincat, C., and Fitzgerald, C. M. examinations and questionnaires to assess pain of women in the early postpartum period indicated that perineal pain was most common during micturition, defecation, and activities of daily living, but not during pelvic floor muscle contraction. Although perineal pain had resolved for most of the women, 30% reported pain during sexual activity at 9 weeks postpartum, although no validated questionnaires were used, making it difficult to differentiate between superficial perineal and deeper myofascial pain with sexual activity. In our study, reports of perineal pain were low, possibly because we sampled women after the initial 6-week postpartum healing period when perineal pain may have resolved.
Sexual dysfunction related to dyspareunia at 6 weeks postpartum has been identified in breastfeeding women (Lagaert, Weyers, Van Kerrebroeck, & Elaut, 2017) . Breastfeeding women in our study were not more likely to report pelvic pain or less satisfaction with sexual function. Although many of our participants were breastfeeding their infants, there was a wide range of time after birth, which may have influenced our study results.
To our knowledge, this is the first study to examine sexual function in postpartum women with generalized musculoskeletal pelvic pain, specifically pelvic floor myofascial pain. We believe it is also the first study to include physical examination measures and validated questionnaires. Most of the literature on postpartum sexual function is descriptive in focus on birth type (cesarean vs. vaginal birth) and perineal trauma, including lacerations, episiotomies, and obstetric anal sphincter injuries (Barbara et al., 2016; Leeman & Rogers, 2012; Signorello et al., 2001) .
Implications for Practice
Our findings may guide clinicians to recognize the implications of musculoskeletal pelvic pain in women after childbirth and its correlation with reduced sexual function, highlighting the need for concomitant treatment of both. Nurses are skilled at obtaining obstetric histories and can incorporate sensitive questions related to pain and sexual function for all women after childbirth. Advanced practice nurses can include simple physical examination techniques to elucidate musculoskeletal pelvic pain in women after childbirth and make referrals for appropriate physical therapy (Bradley, Rawlins, & Brinker, 2017) . Clinicians can recommend available resources to help women and their sexual partners navigate the postpartum period of adjustment, including marriage and family therapists and/or sexual therapists (McBride, Olson, Kwee, Klein, & Smith, 2017) . A comprehensive, team-based approach to the identification and treatment of musculoskeletal pelvic pain for women in the postpartum period is needed (Arnouk et al., 2017) .
Limitations
This study has several limitations. Generalizations beyond the small convenience sample used are not appropriate. It was challenging to capture a sample of postpartum women who were sexually active, because many women who returned for the 6-week postpartum visit had not resumed sexual activity and were therefore not eligible for this study. Efforts to recruit women in the pediatric setting of well-child checkups were only minimally successful. Because of funding and administrative issues, the study needed to be completed within a time frame that ended before the projected sample size was achieved, which thereby limited statistical power. Having three examiners may be viewed as a limitation; however, the three examiners trained together before the study began, which ensured consistency in their examination procedures, and the examiners' combined experience with women with pelvic pain exceeded 30 years. In addition, we did not assess other pelvic floor symptoms, such as incontinence or prolapse, which are common in women after childbirth and have been described as affecting sexual function (Cameron et al., 2018) .
Conclusion
The findings of our study suggest an association between musculoskeletal pelvic pain and sexual dysfunction that warrants further investigation. Future prospective studies with larger samples, incorporating objective measures of pelvic floor muscle function (algometry, electromyography, ultrasonography or magnetic resonance imaging scans to assess levator defects), are needed. Additional research on sexual health and function for women and their sexual partners in the first year after childbirth should include measures of musculoskeletal pelvic pain beyond perineal pain. As clinicians increasingly recognize musculoskeletal pelvic pain in the postpartum period, the use of therapies to improve pain may address quality of life and sexual health concerns.
